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Abstract  33 
Cardiovascular disease (CVD) is the leading cause of death worldwide.  Diet is a key modifiable 34 
component in the development of CVD.  No official UK diet quality index exists for use in UK 35 
nutritional epidemiological studies.  The aims of this study are to i) develop a diet quality index based 36 
on components of UK Dietary Reference Values (DRV) and ii) determine the association between 37 
the index, the existing UK nutrient profile model (NP) and a comprehensive range of cardio-38 
metabolic risk markers among a British adult population.  39 
A cross-sectional analysis was conducted using data from Airwave Health Monitoring Study (n 40 
5848).  Dietary intake was measured by 7-day food diary and metabolic risk using waist 41 
circumference, body mass index (BMI), blood lipid profile, glycated haemoglobin A1c (HbA1c) and 42 
blood pressure measurements.  Diet quality was assessed using the novel DRV index and NP model. 43 
Associations between diet and cardio-metabolic risk were analysed via multivariate linear models 44 
and logistic regression. 45 
Two-point increase in NP score was associated with total cholesterol ( -0.33mmol/L p<0.0001) and 46 
HbA1c ( -0.01% p<0.0001). Two-point increase in DRV score was associated with waist 47 
circumference ( -0.56cm p<0.0001), BMI ( -0.15kg/m2 p<0.0001), total cholesterol ( -48 
0.06mmol/L p<0.0001), HbA1c ( -0.02% p 0.002). One-point increase in DRV score was associated 49 
with Type 2 Diabetes (T2D) (OR 0.94 p 0.01) and obesity (OR 0.95 p<0.0001).  50 
The DRV index is associated with overall diet quality and risk factors for CVD and T2D, supporting 51 
its application in nutritional epidemiological studies investigating CVD risk in a UK population.  52 
  53 
Introduction  54 
Worldwide cardiovascular disease (CVD) is the number one cause of death accounting for 31% of 55 
deaths in 2012 (17.5 million) and predicted to be 23.4 million deaths by 2030 (1).  The risk of CVD 56 
increases with the number of metabolic risk factors present including elevated blood sugar, high blood 57 
pressure, dyslipidaemia and abdominal obesity (2).  A combination of three or more of these risk 58 
factors are referred to as metabolic syndrome (MetS) (3). 59 
A person who has MetS, is twice as likely to develop CVD and five times as likely to develop T2D 60 
as someone who has less than two risk factors(2).  In the UK, almost one in four have MetS - 20% in 61 
men (4) and 29% in women (5).  In this context reducing these metabolic risk factors is of major 62 
importance in the prevention of CVD and T2D. 63 
MetS is multi-factorial (6-8).  Some of the driving forces causing MetS are obesity, poor diet quality 64 
and physical inactivity (7).  Diet quality is a key modifiable component in the development of these 65 
cardio-metabolic risk factors, as demonstrated in many randomised control trials and epidemiological 66 
studies (8-14).  Studies have shown a holistic approach to dietary assessment e.g. a diet quality index 67 
is a good measure to capture the combined quality and effect of nutrients in a person’s diet in relation 68 
to cardio-metabolic health (13, 15-24).  Evidence suggests a diet quality model may need to be 69 
country-specific to its study population (14, 15, 25, 26).  A critical review of 20 diet quality models 70 
found that they differ in many aspects, e.g. dietary components included and cut-off values used (15).  71 
This suggests that not all adequately capture dietary components related to specific population’s diet 72 
and health outcomes (14, 15).  The main argument is that the models are often derived from a specific 73 
population and may not be suitable in capturing important foods consumed in other population groups 74 
(14, 15, 25, 26).   75 
No official UK diet quality index exists to measure overall diet quality in nutritional 76 
epidemiological studies of the UK population.  One potential method is to apply the UK nutrient 77 
profile (NP) model score developed by the Food Standard agency (FSA) in 2005.  The NP model 78 
assesses quality of individual foods based on the national dietary guidelines and the Eatwell Guide 79 
(27-29).  The NP model has been previously validated in relation to food and diet quality (29-33), but 80 
to our knowledge no other studies have assessed the NP model in relation to cardio-metabolic health 81 
in a UK population and to adherence to the UK dietary guidelines.  The UK guidelines originates 82 
from the UK dietary reference values (DRV) (34-36), which were reviewed  in 2017 by Public Health 83 
England in relation to prevention of CVD in a UK population (24).  The review highlighted a 84 
recommended daily intake of nutrients: total carbohydrate, fibre, sodium, added sugar, total fat, 85 
saturated fat and food groups: fruit/vegetable and weekly intake fish (Supplementary material table 86 
S1).  The recommendations are estimated for a healthy adult British population with a mean energy 87 
intake (excluding energy from alcohol) of 2,000 kcal for women and 2,500 kcal for men.  88 
The Airwave Health Monitoring study is currently the largest study worldwide on police force 89 
employees (37).  Recruitment commenced in 2004 across all 54 police forces in Great Britain.  Since 90 
2007 dietary data has been collected from participants using 7-day food diaries making it a unique 91 
cohort to investigate diet related non-communicable disease risk in a large UK young adult 92 
population.  The overall aims of this study are to: i) develop a UK specific diet quality score based 93 
on adherence to the dietary guidelines stated in the UK Dietary Policy for the Prevention of CVD 94 
(24) i.e. based on selected components of UK Dietary Reference Values (DRV index score) and ii) 95 
determine the association between the DRV index and the previously established NP model with a 96 
comprehensive range of cardio-metabolic risk markers among a British adult population.  97 
 98 
Methods 99 
Study design 100 
This is a cross-sectional analysis of data collected as part of the Airwave Health Monitoring study 101 
(37).  102 
Study population and ethics 103 
Members of the police force in Great Britain were eligible for inclusion.  Further details of the 104 
recruitment procedures and data collection methods have been described elsewhere (37).  This study 105 
comprises of 5848 participants who took part in the health screen and provided dietary data between 106 
2007 and 2012.  Participants provided written informed consent and the study had ethics approval 107 
from the National Health Service Multi-Site Research Ethics Committee (MREC/13/NW/0588).  108 
Measurements of metabolic health 109 
The health screenings were carried out in dedicated Airwave Health Monitoring Study clinics using 110 
a standard protocol. Trained nurses conducted all clinical examinations.  111 
Blood pressure; sitting BP was taken using the Omron HEM 705-CP digital BP monitor (Omron 112 
Health Care). Three measurements were taken 30 seconds apart and the average was used. 113 
Anthropometry; participants were measured in light clothing and without shoes or socks. Height and 114 
sitting height were measured using a Marsden H226 portable stadiometer and weight using a Marsden 115 
digital weighing scale. Two measurements are taken and the average was used. Waist circumference 116 
was measured between the lower rib margin and the iliac crest in the mid-axillary line using a Wessex-117 
finger/joint measure tape (Seca 201, Seca).  Two measurements were taken and the average was used.  118 
Blood samples; all samples were taken non-fasting. Tests were performed using serum sample except 119 
for HbA1c determination, which was performed using whole EDTA blood sample and glucose 120 
determination, which was performed using fluoride/oxalate sample tube.  Samples were measured 121 
using an IL 650 analyser (Instrumentation Laboratory, Bedford, Massachusetts, USA). 122 
Socio-demographic, health and lifestyle data 123 
Socio-demographic, health and lifestyle data were collected via a self-administrated electronic 124 
questionnaire, which the participant filled in during their clinic visit.  Variables used for the present 125 
study included; age, gender, education level, ethnicity, smoking status, diagnosed diseases, 126 
medication usage and physical activity.  Physical activity was measured using the International 127 
Physical Activity Questionnaire short version and the metabolic equivalent minutes per week were 128 
calculated for each participant and categorised; high (at least 60min/day of at least moderate-intensity 129 
activity), medium (at least 30min/day of at least moderate-intensity activity), low (no activity is 130 
reported or less then medium category) (38).  131 
Dietary data 132 
Dietary intake was assessed with a 7-day food diary (estimated weight) using instructions from food 133 
portion photographs and common household measures as well as a general question sheet to help 134 
validate the recorded intake. The diary used has been previously validated in a larger UK 135 
epidemiological study (39).  The diaries were completed and returned via post or given to the clinic 136 
during the respondent’s health screening.  They were analysed using Dietplan (Forestfield Software, 137 
West Sussex, United Kingdom version 6.0), which used the UK nutrient database based on McCance 138 
and Widdowson’s ‘The Composition of Foods’ published by FSA UK (sixth edition 2008).  A study 139 
specific operational manual and quality auditing protocol was designed for coding and quality control 140 
of the food diaries (40).  The dietary data were checked for energy intake misreporting using the 141 
Goldberg method (41) with the application of physical activity levels based on reported metabolic 142 
equivalents.  The methods and results of under-reporting in this cohort have been previously reported 143 
in detail (40).  Sensitivity analysis was conducted to assess potential bias to the analyses 144 
(Supplementary material table S2).  145 
DRV index dietary score computation  146 
The 16-point DRV index is a priori score reflecting adherence to Public Health England UK dietary 147 
policy for optimal health and prevention of CVD (24), which are components derived from of the UK 148 
DRV (42) (Supplementary material table S1).  The DRV index score was based on the intake of the 149 
six nutritional components (total carbohydrates, sugars, total fat, saturated fat, salt, dietary fibre) and 150 
two food group components (fruit and vegetables combined, and total fish), as listed in the UK 151 
Dietary Policy for the Prevention of CVD report. Due to the limitations of the UK nutrient database 152 
the DRV for non-starch polysaccharide (NSP) fibre was used rather than Association of Official 153 
Analytical Chemists (AOAC) and added sugar replaced with non-milk extrinsic sugar (NMES).  Salt 154 
intake is reported as sodium (salt = sodium x 2.5).  The DRV index score was limited to those stated 155 
in the UK Dietary Policy for the Prevention of CDV (24) and therefore did not include all UK healthy 156 
eating recommendations. The construction of the DRV index scoring system was based on a 157 
previously reported method (29, 43, 44).  The mean daily intakes of the eight components were 158 
assessed according to the UK DRV and scored accordingly; 1 point represent +/- two standard 159 
deviation of DRV criteria, 0 point if intake was worse than DRV criteria and 2 points if intake was 160 
better than DRV criteria (Table 1).  The points are summed to calculate an overall score between 0-161 
16 points, with a higher score indicating a more favourable diet.  The score was calculated from the 162 
dietary intakes of all food and drink consumed except alcohol, which was analysed separately and 163 
adjusted for with other known confounders.  164 
Nutrient profile score computation 165 
The construction of the NP score has been described in detail elsewhere (29, 44, 45).  Briefly, foods 166 
and drinks (except alcohol) score points based on their content of negative nutrients: energy, saturated 167 
fat, total sugar and sodium and positive nutrients: fruit, vegetables and nut content, fibre and protein. 168 
The nutrients thresholds are derived from the UK DRV (46, 47).  One point for each nutrient 169 
corresponds to 3.75% of the DRV.  Each food item is given an individual score (per 100g) which 170 
then is energy adjusted (nutrient density) using previously method (28, 29, 44):  171 
Each food item individual score (per 100g) x energy from the food item / TEI  172 
A total NP score (energy adjusted) is added up on all the foods and drinks NP (energy adjusted) to 173 
provide a daily average score:  174 
Total NP score =  NP (energy adjusted) scores / number of days in the dairy  175 
An additional algorithm (44) is applied to the daily average NP score to scale it from 1 to 100 points: 176 
Scaled NP score = (-2) x Total NP score + 70 177 
The interpretation of the score is a higher score indicates a diet high in food quality (“healthy” food 178 
and drinks).  179 
 180 
Clinical definitions 181 
Cardio-metabolic risk factors and outcomes were defined by the unified international criteria for 182 
MetS previously described with study adaptations(3).  Elevated blood pressure was defined by SBP 183 
>130 mmHg2 and DBP >85 mmHg2 or on anti-hypertensive medication.  Low serum HDL 184 
cholesterol men <1.0 mmol/L, women <1.3 mmol/L or on lipid-lowering medication.  Triglyceride 185 
was excluded (not available in the study). Elevated blood sugar was defined by Hb1Ac >5.7% or on 186 
glucose-controlling medication (48).  Abdominal obesity was defined on European population waist 187 
circumference men >94 cm, women >80 cm (3).  BMI were defined as weight divided by the square 188 
of height in meters. BMI categories underweight (BMI<18.5 kg/m2), normal (18.5-24.9 kg/m2), 189 
overweight (25-29.9 kg/m2) and obese (≥30 kg/m2) (49). CVD and T2D outcomes were defined as 190 
per The National Institute for Health and Care Excellence (NICE) guidelines.  Dyslipidaemia was 191 
defined by total cholesterol-HDL ratio cut-off >4.5mmol/L, diagnosed or on cholesterol-lowering 192 
medication(50).  Hypertension was defined by SBP >90 mmHg and DBP >140 mmHg, diagnosed or 193 
on anti-hypertensive medication.  T2D was defined as HbA1c >6.5%, diagnosed or on glucose-194 
controlling medication (51, 52). 195 
 196 
Statistical analysis  197 
Baseline socio-demographic and lifestyle characteristics of participants were compared between 198 
gender of study sample using Student t-tests and chi-square as appropriate.  Effect modifications by 199 
gender were examined for all analyses and the stratified results found no differences between 200 
observed associations and metabolic markers.  To obtain better statistical power in the analyses men 201 
and women were combined in the study.  All variables were normally distribution except alcohol, 202 
which was categorised based on revised UK recommended allowances (53); 2 units per day (no 203 
alcohol, below or within, above).  Other categorical variables included gender (male, female), 204 
smoking (never, current, former), and physical activity (low, moderate, high).  205 
Diet scores association with the mean intake of dietary components included and not included (whole 206 
grains, sugar sweetened beverages, red meat, low fat dairy, alcohol, mono- and poly- unsaturated 207 
fats) in the calculation of the dietary scores were assessed using general linear models adjusted for 208 
sex and mean energy intake, testing linear trend across quartiles.The association between diet scores 209 
with metabolic risk and adiposity markers (HbA1c, total cholesterol, HDL-cholesterol, blood 210 
pressure, waist circumference, BMI) were analysed via multivariate general linear models.  211 
Association with metabolic outcome (MetS classification – ‘yes’/’no’) were analysed via logistic 212 
regression models.  All analyses were adjusted for covariates; age, gender, BMI (except adiposity 213 
markers analysis), mean alcohol intake, smoking, physical activity, education level, dependent 214 
variable specific diagnosis and treatments.  Analyses were adjusted for energy intake using the 215 
nutrient density method in both the diet scores rather than the residual or partition method, as this is 216 
the method previously applied in both the NP model and the UK dietary guidelines (i.e. DRV 217 
macronutrient intakes are reported as a proportion of total energy intake).  Sensitivity analysis was 218 
tested on the diet scores association with cardio-metabolic markers stratified by participants classified 219 
by Goldberg method as i) acceptable energy reporters (n = 2815) and ii) energy under-reporters (n = 220 
2721) (Table S2).  Participants on weight loss diet and over energy reporters were excluded from the 221 
analysis. 222 
SAS 9.3 (SAS Institute Inc. VX, Cary, NC, USA) was used for all analysis and statistical significance 223 
was set at p<0.05.  224 
 225 
Results  226 
Demographic and lifestyle characteristics of the sample 227 
Table 2 shows the descriptive statistics of the sample (n = 5848) across the DRV quartiles.  The 228 
characteristics of healthy eaters are more likely to be women and have a healthier lifestyle: drink less 229 
alcohol and exercise more.  Healthier eaters had a lower BMI, waist circumference and prevalence 230 
of dyslipidaemia and T2D (unadjusted).  Characteristics by gender are presented in Supplementary 231 
material Table S3. 232 
Association between diet scores and nutritional components 233 
Table 3 shows that across the DRV index quartiles there is a strong trend for a consumption of other 234 
“favourable” nutritional components both single nutrients and food groups and a reverse association 235 
with “unfavourable” ones except for total sugar (variable includes sugar from fruit and fruit juices). 236 
Similar trends are observed across the NP score except no association is seen with alcohol intake.  237 
The diet scores are also associated with each other (p trend <0.0001), Spearman partial correlation 238 
coefficient 0.64, p <0.0001 adjusted for gender and age (results not shown in table).  239 
Association between diet scores and cardio-metabolic markers  240 
A higher NP score (per 2-point increase) was associated with HbA1c ( -0.01 %, p <0.0001), total 241 
cholesterol ( -0.33 mmol/L, p <0.0001) and an increase in BMI ( 0.06 kg/m2, p 0.01) (Table 4).  242 
The DRV score (per 2-point increase) was inversely associated with HbA1c ( -0.02 %, p 0.003), 243 
total cholesterol ( -0.06 mmol/L, p <0.0001), HDL-cholesterol ( -0.01 mmol/L, p 0.001), BMI ( 244 
-0.15 kg/m2, p <0.0001) and waist circumference ( -0.56 cm, p <0.0001) (Table 4). No significant 245 
associations were found with SBP and DBP with any of the diet scores.  Standardised coefficients for 246 
both scores are presented in Table S4. 247 
Association between diet scores and cardio-metabolic outcomes  248 
Individuals with a higher NP score (more favourable diet) were less likely to have elevated blood 249 
sugar (OR=0.98, p 0.001). NP was not associated with cardiovascular diseases hypertension and 250 
dyslipidaemia or T2D (Table 5). 251 
DRV score was associated with a reduced risk for several metabolic outcomes (Table 5).  Individuals 252 
with a higher DRV score (more favourable diet) were less likely to have T2D (OR 0.94, p 0.01), 253 
elevated blood sugar (OR 0.97, p 0.01), abdominal obesity (OR 0.94, p<0.0001) and obesity (OR 254 
0.95, p<0.0001). No association were seen with DRV score and cardiovascular diseases hypertension 255 
and dyslipidaemia.  256 
Sensitivity analysis 257 
Sensitivity analysis was carried out to test if bias may have been introduced by an element of 258 
participants’ energy misreporting (Supplementary material Table S2).  The stratified analysis showed 259 
that the reverse association between DRV score SBP, and HDL-cholesterol was not significant in 260 
acceptable energy reports only in energy under-reporters. No other modification was observed for 261 
DRV score and the other metabolic risk markers.  The stratified analysis only showed modified 262 
association between NP score, BMI and waist circumference.  The stratified analyses showed the NP 263 
score association with BMI was reverse in both groups (energy reporters and energy under reporters). 264 
Furthermore, NP scores relationship with waist circumference inversed in both these groups. 265 
Additionally, sensitivity analyses were conducted for cardio-metabolic health outcomes in logistic 266 
regression models excluding energy misreporting no difference were observed (result tables not 267 
shown). 268 
 269 
Discussion  270 
This cross-sectional study demonstrates that both diet scores NP model and DRV index are associated 271 
with over 19 other dietary components essential to assess a person’s diet quality including nutritional 272 
components included in the UK dietary guidelines and Eat-Well guide.  Similar results have been 273 
previously shown with the NP model (17, 29, 33, 54), suggesting that diet nutrient based scores may 274 
capture intake of a number of other important food groups in a person’s diet.  The “healthiest diets” 275 
(DRV quartile 4) consumed a mean daily energy intake of 1705 kcal, total fat 57g (30% TEI), 276 
saturated fat 19g (10 % TEI), carbohydrate 244g (57 %TEI) and 461g of fruit/vegetables, which are 277 
in line with the national dietary guidelines (34-36, 53) except for lower intake of  NSP fibre (17g vs. 278 
recommendation of 24g/day).  Similar results were seen for NP score.  The results support the 279 
application of both scores in epidemiological studies to capture intake of essential nutrients and food 280 
groups in a UK diet.  However, these results are based on a specific study population (95% white 281 
British) who are younger (mean age 41 years) and primary men (60%) (Supplementary material Table 282 
S3).  Therefore, the “healthiest diets” identified in this study based on these diet scores does not 283 
necessarily represent a random sample from the general UK population. The scores are based on 284 
specific components from the UK dietary guidelines, which may not capture all food groups in a UK 285 
diet.  Furthermore, such country-specific diet scores may not capture essential food and nutrient 286 
groups commonly consumed in other countries.  Similar limitations to diet scores have been 287 
previously discussed by Kant el al. (14) and Moeller et al. (14, 26). However, in this study population 288 
both scores, which only including eight dietary components demonstrated association with 19 dietary 289 
components. 290 
The DRV score was inversely associated with HbA1c, total cholesterol and adiposity markers (BMI 291 
and waist circumference).  These relationships were driven by diets higher in fruit, vegetables, fibre 292 
and lower in sugar, sodium, fat and saturated fat (Table S5), which have also been demonstrated in 293 
other single nutrient studies and RCT (8, 12, 55, 56).  The Cardiovascular disease risk Reduction trial 294 
(CRESSIDA) (56) also showed an intervention diet adhering the UK dietary guidelines measured by 295 
sodium, total fat, saturated fat, NMES, fruit/vegetables and wholegrain lowered BMI, BP and lipid 296 
profile in a UK study population.  The intervention trial provided diet education based on food groups 297 
from the “Eat-Well Guide”, which are food recommendations based on the UK dietary guidelines. 298 
The CRESSIDA study highlighted that six nutrients and one food group could be used to measure 299 
and reflect the intake of a wide range of foods from “Eat-Well Guide”.  Similar results were shown 300 
previously with the NP score and a wide range of foods from“Eat-Well Guide” (33).  Our study also 301 
showed that both diet scores were additionally associated with five different dietary components 302 
which were not included in the scores but considered essential to a healthy diet (lower intakes of red 303 
meat, processed meat and alcohol and higher intakes of low fat dairy products and wholegrains).  304 
Suggesting, that the diet scores may serve as an efficient dietary scoring method in epidemiological 305 
studies.  306 
NP score only showed inverse association HbA1c and total cholesterol. In contrary, NP was 307 
associated with a higher BMI.  However, stratified sensitivity analysis of NP association with BMI 308 
showed that the association was reversed in both acceptable energy reporters and energy under-309 
reporters.  These findings are challenging to compare as only one other study the Supplementationen 310 
Vitamineset Mineraux Antioxydants (SUVIMAX) cohort, to our knowledge, has investigated an 311 
adaptation of NP model in relation to cardio-metabolic risk factors in a French population (57).  312 
SUVIMAX cohort saw no association with waist circumference, fasting glucose, or blood lipids.  313 
Another study by Arambepola et al. also did not report any correlation with NP model (energy 314 
adjusted) and BMI (33).  The NP model’s limitations have been discussed by several authors (29, 32, 315 
33, 47). Main limitation is that NP model only measure one aspect of diet quality (food quality and 316 
density) and it does not measure overall nutritional intake, diet patterns or variety of foods consumed. 317 
Another, limitation may be the method applied to nutrient density of the score.  There exist various 318 
methods of energy adjusting diet scores such as residual and partition methods.  This study chose to 319 
apply a nutrient density (energy adjusted) method previously applied in other studies of the NP model 320 
(29, 32, 33).  However, such nutrient density methods may be limited in capturing healthiness in 321 
certain food groups such as olive oils, fatty fish (32, 58).  Furthermore, it may be argued that if energy 322 
intake lies in the causal pathway between certain nutrient groups e.g. high fat and sugar and cardio-323 
metabolic outcomes, it should be treated as a mediator rather than a confounder.   324 
The DRV score inverse association with HDL-cholesterol was not significant in acceptable energy 325 
reporters suggesting that the association may have been biased by some element of misreporting of 326 
dietary intake.  Neither of the diet scores (DRV or NP) showed a positive association HDL-327 
cholesterol.  Single nutrient analyses (Table S5) showed that dietary variables carbohydrate, sugar 328 
and fat, which are incorporated in both the scores was driving an inverse association with HDL-329 
cholesterol.  Both diet scores also showed a significant lower intake of poly- and monounsaturated 330 
fats across all quartiles.  Suggesting that neither of them captured essential nutrients in the diet which 331 
are positively associated with HDL-cholesterol such as poly- and monounsaturated fats (8, 12).  This 332 
may explain why no positive relationship was observed, as reported for DASH and MDS, which 333 
include these nutrients (13, 59).  334 
This study also reported an increase in SBP with a higher DRV score.  However, this association was 335 
no longer significant in the stratified sensitivity analysis in acceptable energy reporters, only in energy 336 
under-reporters.  Suggesting some introduction of bias in misreporting of nutrients or foods high in 337 
sodium e.g. processed foods in this group.  338 
The study also showed NP score had reverse relationship with elevated blood sugar, which was driven 339 
by its relationship with HbA1c.  No other associations were observed for cardio-metabolic outcomes 340 
as seen with other NP models (54, 57, 60). SUVIMAX cohort found a lower UK NP score (adapted 341 
version) was associated with MetS (OD 1.06) (57).  The USA NP model found a higher score 342 
(healthier food quality) was associated with a lower risk of T2D, CVD and mortality rates in 343 
participants from the Nurses’ Health Study and Health Professionals Follow-Up Study (60).  344 
Our study also observed that participants classified as consuming a healthier diet (higher DRV score) 345 
were less likely to be obese, abdominal obese and to have T2D.  These results were predominately 346 
driven by the DRV inverse relationship with BMI, waist circumference and HbA1c, which are in line 347 
with previous studies of other diet quality scores (14).  Nicklas et al. reported similar inverse 348 
relationships and OR with metabolic risk factors elevated blood sugar, abdominal obesity and obesity 349 
was by reported in US National Health and Nutrition Examination Survey for individuals aligned 350 
with the national diet guidelines (16).  351 
 352 
This study highlights some of the limitations of the NP model in relation to capturing diet quality and 353 
associated cardio-metabolic health outcomes.  The nutrient composition of individual foods is not the 354 
only determinant of the overall nutrient composition of diets.  Assessing the healthiness of diets is 355 
complex and often requires a holistic approach to capture association with health outcomes (14).  The 356 
NP model may not reflect the variety of different foods that make up the diets and the healthiness of 357 
the diets e.g. dietary patterns.  Therefore, assessing a single food healthiness in its own would not be 358 
expected to capture the combination of different foods and quantity needed for a balanced diet.  These 359 
limitations were also discussed in detailed by Nicklas et al. (58), which highlighted issues related to 360 
NP models’ algorithms applied such the nutrients and food groups studied and their threshold values 361 
applied and their nutrient density score.  The NP model originated for use of guiding the public health 362 
in choosing healthier foods i.e. labelling “Traffic Light System” and may therefore serve as a better 363 
tool in this context rather than capturing associations between overall healthiness of diet and health 364 
outcomes in epidemiological studies. 365 
 366 
In summary, evidence suggests the NP model is a relevant tool to measure quality of individual foods 367 
contributing to an individual diet in a UK population.  However, our study demonstrates that a diet 368 
score (DRV index) assessing overall diet quality as alignment to important components of the national 369 
dietary guidelines performs better in capturing diets relation to cardio-metabolic risk, compared to a 370 
food-based score (NP model).  This also supports the importance of promoting both overall dietary 371 
guidelines in the public health as well as food choices “Eat Well Guide” and labelling “Traffic Light 372 
System” and in relation to their beneficial roles on cardio-metabolic health.  373 
 374 
The main strength of this study is the dietary and clinical data on a relatively large sample of British 375 
adults. Data from 7-day food diary provide in-depth insights in relation to adiposity and metabolic 376 
markers, compared with usual measures of diet in cohort studies.  Use of a 7-day food diary is known 377 
to limit measurement errors and provide accurate estimates of individual diet intake (61) compared 378 
to other methods such as food frequency questionnaires or 24-hr recall (62, 63).  This method also 379 
allows for an in-depth analysis of overall diet quality.  Another strength is the study’s rigorous quality 380 
control of the dietary data; regular coder training, a standard operational protocol and quality control 381 
audit cycle helped maintain a low mean code error, which has been described elsewhere (40).   382 
The first and major limitation of this study is the use of cross-sectional study design, which cannot 383 
provide evidence of a causal relationship between the diet scores and metabolic risk factors.  These 384 
results could be due to the reverse causality in individuals who have made diet improvements after 385 
being informed of a medical condition.  Another limitation lies in the non-generalisation of the results 386 
due to those who completed the food diaries may introduce selection bias, leading to underestimation 387 
of the strength of the association.  Participants volunteering to complete food diaries may be more 388 
health conscious and vary in lifestyle characteristics.  However, the diet and clinical data reported in 389 
this study is comparable to the general UK population.  The dietary data (mean energy and 390 
macronutrient intake) is comparable to the NDNS (12, 64).  The mean daily energy intake reported 391 
in this study was 1673 kcal for women and 2071 kcal for men compared with 1560 and 2032 kcal in 392 
the NDNS.  The Airwave Health Monitoring Study population is a young cohort, which may differ 393 
from the general population in health outcomes.  However, the sample’s prevalence of cardiovascular 394 
risk factors (Supplementary material Table S2) is both comparable with the total cohort (37), and 395 
representative of the general UK population (Health Survey for England 2012) (65); hypertension  396 
(28% vs Health Survey 29%), obesity (20% vs Health Survey 19.5%) and diabetes (5% vs Health 397 
Survey 5.8%). Only dyslipidaemia is lower in the sample 4.75%, compared to two thirds of general 398 
population (66).  399 
Another limitation in this study is the prevalence and systematic bias of underreporting, which have 400 
been discussed elsewhere (40). Despite both diet scores were energy adjusted (nutrient density 401 
methods) sensitivity analysis found confounding effect of the under-reporters between the association 402 
of DRV index, HDL-cholesterol and SBP.  Furthermore, differences were observed for NP model 403 
and adiposity markers BMI and waist circumference (Table S2).  Ideally nutritional assessments and 404 
misreporting should have been investigated further by other validating methods such as doubly 405 
labelled water, urine biomarkers e.g. urine sodium, potassium and nitrogen to help confirm accuracy 406 
of self-reported dietary data and to limit bias. However, these analyses were not available for this 407 
study.  408 
In conclusion, this study suggests that the NP model was associated with an overall diet quality 409 
(higher DRV score) aligning with important components of UK dietary guidelines.  However, the NP 410 
model is only inversely associated with total cholesterol and elevated blood sugar (HbA1c).  Its 411 
relationship to other cardio-metabolic risk factor remains inconclusive.  Whereas, the DRV index 412 
captured important food patterns and quality, which are inversely associated with several metabolic 413 
risk factors, adiposity markers and T2D.  The study supports the application of the DRV index in 414 
epidemiological studies investigating overall diet quality in relation to metabolic risk of CVD and 415 
T2D in a UK population.  However, more studies, especially longitudinal studies, are needed to 416 
support these findings and to confirm the effectiveness of the DRV index on cardio-metabolic health. 417 
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 628 
Table 1: UK Dietary Reference Values Index scoring system for nutrient and food group mean intake per day as recommended  629 
by UK dietary reference values (42) and guidelines for optimal health and prevention of cardio-metabolic risk (24) 630 
Points a CHO (%)* Fibre (g/day) ** F&V (g/day) Fish (g/day)† Sodium (mg/day) Fat (%)* Sat fat (%)* Sugar (%)* 
0  <47.5 <17.10 <380 <38    >2520   >36.75   >11.55   >11.55 
1 >47.5 <52.5 >17.10 <18.9 >380 <420  >38 <42 <2520 >2280 <36.75  >33.25 <11.55  >10.45 <11.55 >10.45 
2   >52.5  >18.9 >420 > 42   <2280   <33.25   <10.45   <10.45 
Abbreviations: Sat fat, saturated fat; CHO, carbohydrates; F&V, fruit and vegetables 631 
a 1 point: mean dietary intake is within +/- 2 standard deviation of the DRV criteria, 0 point: exceed 2 standard deviation of the DRV criteria (worse diet),  632 
  2 points: exceed 2 standard deviation of the DRV criteria (better diet) 633 
* % daily mean energy intake excluding alcohol; ** Non-starch polysaccharides fibre;  non-milk extrinsic sugars; † total fish including oily fish 634 
 635 
Table 2: Demographic and lifestyle characteristics across Dietary Reference Values index quartiles,  636 
the Airwave Health Monitoring Study (n=5848) 637 
 638 
Variable Q1a Q2a Q3a Q4a P trend b 
Range (0-1.99) (2.00-3.99) (4.00-6.99) (7.00-16.00)  
   'least healthy'      'healthiest'   
n 1,758 1,447 1,098 1,544  
sex %     <.0001 
Female 25.13 25.72 19.69 29.44  
Men 33.41 24.08 18.16 24.23  
Age (years)  40.88 (0.23)  40.77 (0.23)   41.14 (0.22) 41.85 (0.24)   0.002 
Education level %     0.04 
Post graduate  3.87 3.66 5.19 4.53  
Bachelor degree  31.74 28.40 26.68 30.89  
A-level  8.42 7.33 7.56 5.76  
Vocational  33.45 33.72 32.33 29.07  
GCSE/ O level  16.78 20.66 21.68 22.09  
No formal qualification  5.75 6.22 6.56 6.93  
Alcohol (g/day) 15.28 (0.38)  14.80 (0.41)   13.22 (0.37)   11.66 (0.40)   <.0001 
No alcohol % 17.85 20.22 19.87 25.19 <.0001 
Within guidelines % 44.70 42.65 46.28 46.64  
Above guidelines % 37.45 37.13 33.85 28.17  
Cigarette smoking %     <.0001 
Never  67.03 67.86 71.13 71.63  
Former 22.40 22.81 22.04 23.19  
Current   10.57 9.33 6.83 5.18  
Physical active %     <.0001 
Low (<600min/week)  12.96 10.30 9.20 8.81  
Moderate (>600min/week)  40.42 42.43 42.53 38.08  
High (>3000min/week)  46.62 47.27 48.27 53.11  
BMI (kg/m2) 27.01 (0.10) 26.95 (0.10)   26.74 (0.10)   26.57 (0.11) 0.0005 
Normal (18.5-24.99) % 29.62 32.69 34.88 35.62 <.0001 
Overweight (25-29.99) % 48.55 45.82 45.54 46.89  
Obese (>30) % 21.83 21.49 19.58 17.49  
Waist circumference (cm) 90.71 (0.36)  89.30 (0.31)   88.62 (0.35)   87.63 (0.30) <.0001 
Cardiovascular diseases %*      
Hypertension 32.58 30.89 30.60 31.35 0.43 
Dyslipidaemia 26.95 25.02 24.41 23.77 0.03 
Diabetes type II 4.49 3.39 3.37 3.17 0.05 
Abbreviations: DRV, dietary reference values; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth 
quartile; BMI, body mass index 
a Values are means (standard error) or prevalence – unadjusted  
b P-value linear model (continuous variable) Mantel-Haenzel chi-square test (categorical variables) 
* self-reported or on specific health outcome treatment  
 639 
 640 
Table 3: Mean intake of nutritional components across diet scores quartiles 1 (least healthy) and quartile 4 (healthiest)  641 
adjusted for sex and energy in Airwave Health Monitoring Study (n=5848)  642 
 643 
  DRV score   NP score   
 Q1a Q4a P b Q1a Q4a P b 
Nutrients             
Energy intake (kcal/day)  1852 1705 <.0001 1958 1477 <.0001 
Alcohol (g/day) 15 12 <.0001 13 14 0.23 
Protein (g/day)* 81 80 0.3 81 79 0.03 
Fat (g/day)* 81 57 <.0001 87 54 <.0001 
Saturated fat (g/day)* 30 19 <.0001 34 18 <.0001 
Mono-unsaturated fat (g/day) 28 21 <.0001 28 22 <.0001 
Poly-unsaturated fat (g/day) 14 12 <.0001 13 12 <.0001 
Carbohydrate (g/day)* 203 244 <.0001 231 206 <.0001 
Fibre (g/day) δ * 11 17 <.0001 12 15 <.0001 
Total sugar (g/day)* 76 105 <.0001 95 82 <.0001 
Sodium (mg/day)* 2930 2652 <.0001 2996 2470 <.0001 
Food groups       
Fruit and vegetable (g/day)* 222 461 <.0001 256 395 <.0001 
Whole grains (g/day) 32 68 <.0001 34 61 <.0001 
Fish (g/day) 13 33 <.0001 18 28 <.0001 
Oily fish (g/day) 7 21 <.0001 10 17 <.0001 
Low fat dairy (g/day) 168 228 <.0001 171 214 <.0001 
Red meat (g/day) 80 51 <.0001 71 57 <.0001 
Processed meat (g/day) 42 26 <.0001 42 25 <.0001 
Sweet and sugary beverages (g/day) 61 59 0.6 71 44 <.0001 
Diet quality score       
DRV score    2 7 <.0001 
NP score 54 60 <.0001    
Abbreviations: DRV, Dietary Reference Value Index; NP, Nutrient Profile model; Q, Quartiles; P, p-value 
a Values are means adjusted for sex and mean energy intake  
b P-value for linear trend across diet score quartiles 
* Nutrients and food groups included in the diet scores      
δ Non-starch polysaccharides fibre      
 644 
Table 4: Associations between diet scores and cardio-metabolic risk markers in Airwave Health Monitoring Study (n=5848) 645 
 646 
       DRV score  NP score 
  β a SE P value   β a SE P value   
        
HbA1c (%) -0.02 0.004 0.003  -0.01 0.003 <.0001 
SBP (mmHg) 0.22 0.118 0.05  0.12 0.076 0.17 
DBP (mmHg) -0.10 0.080 0.28  -0.01 0.052 0.72 
HDL cholesterol (mmol/L) -0.01 0.003 0.001  -0.003 0.002 0.10 
Total cholesterol (mmol/L) -0.06 0.008 <.0001  -0.33 0.050 <.0001 
Waist circumference (cm)* -0.56 0.092 <.0001  0.05 0.060 0.41 
BMI (kg/m2)** -0.15 0.036 <.0001  0.06 0.02 0.01 
Abbreviations: DRV, Dietary Reference Values Index; NP, nutrient profile model; HbA1c, glycated haemoglobin;  647 
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; HDL, high density lipoprotein;  648 
β, beta-coefficient; SE, standard error 649 
a Multivariate linear regression models provide regression coefficients (β) in outcome variables for 2-points increase in diet scores 650 
adjusted for age, sex, smoking, alcohol, physical activity, BMI, education level, diagnosis and treatment for specific outcome 651 
*Adjusted for height not BMI 652 
** Not adjusted for BMI 653 
 654 
 655 
Table 5: Associations between diet scores and cardiovascular risk and diabetes in Airwave Health Monitoring Study (n=5848) 656 
 657 
          DRV score NP score 
  cases/subcohort OR a  95% CI P OR a 95% CI P 
Cardiovascular risk and diabetes 
Hypertension  1840/4008 1.01 0.99-1.03 0.52 1.01 1.00-1.03 0.06 
Dyslipidaemia  1471/4377 0.99 0.97-1.02 0.64 1.01 0.99-1.03 0.07 
Type 2 diabetes  214/5848 0.94 0.90-0.99 0.01 0.98 0.95-1.01 0.25 
Metabolic syndrome risk factors* 
Increased blood pressure  3015/2833 1.01 0.99-1.03 0.31 1.02 1.00-1.03 0.03 
Low HDL cholesterol  872/4976 1.04 1.01-1.06 0.006 1.03 1.01-1.05 0.002 
Increased blood sugar 2408/3440 0.97 0.96-0.99 0.01 0.98 0.97-0.99 0.001 
Obesity† 1180/4669 0.95 0.93-0.98 <.0001 1.00 0.99-1.02 0.57 
Abdominal obesity†† 2934/2914 0.94 0.92-0.96 <.0001 1.00 1.00-1.01 0.96 
Abbreviations: DRV, Dietary Reference Values UK; NP, nutrient profile; OR; odds ratio, 95% CI; 95% confidence interval, P; p-value  658 
a Logistic regression models represent the increase in health outcome per 1 point increase in the diet score, adjusted for age, sex, BMI,  659 
alcohol, smoking, physical activity and education level. 660 
* Based on metabolic syndrome risk classification 661 
† Not adjusted for BMI 662 
†† Adjusted for height not BMI 663 
 664 
